DUAL USE OF ULTRASONIC PLATE WAVES:
NDE AND ULTRASONIC MOTORS
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BACKGROUND

. Plate waves have been the subject of NDE research and applications for many
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e In the iast decade, methods were developed to analvze the wave behavior in
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esults were successfully applied to composites.
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lexural waves are increasing being used in actuation
mechanisms.
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=XPERIMENTAL SET-UP ~O%
COMSINES PSS AND LLW

ROTATABLE AXIS

WATER

TEST PLATE
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PHASE VELOCITY (n/310)

THEORETICAL AND EXPERIMENTAL

DISPERSION CURVES FOR GRAPHITE/EPOXY

UNIDIRECTIONAL LAMINATE TESTED
ALONG THE FIBERS

b. INVERTED ELASTIC PROPERTIES
s, ASSUMED ELASTIC PROPERTIES . | | | 11 "
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LLW DISPERSION CURVES OF FUNDAMENTAL MODES

FOR A UNIDIRECTIONAL GRAPHITE/EPOXY PLATE AN[5
+10- AND £20-PERCENT CHANGES IN ELASTIC CONSTANT

ORIENT:O C"EG _ ORIENT: 45 DEG

20 ORIENT: 90 DEG
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JPLU

Micro-Lander Dexterous Manipulator

TECHNOLOGY CONCEPT & DEVELOPMENT APPROACH

Pl G o SR - B . planetary science enablement:sampleacquisi-
o ?" 4“" ji ‘ s e .; 7 He - - . .

tion, near-field spectroscopy & micro-viewing,
micro-instrument emplacement, etc.

. lander (surface platform) based manipulator, COr-
ing, drilling and other active devices
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Micro-Lander Dexterous Manipulator

Pss, 9/95




JPLU

Micro-Lander Dexterous Manipulator

FY95 ENABLING TECHNOLOGY ACHIEVEMENTS (Level 2)

 conception of gas-deployable segmented link
structure (graphite epoxy) enabling MSP op’u-
mized science payload packaging/mounting
(Phase B/C EM spec: arm & actuation: 3.5 kg,
2 meters, 10 titers, 1.5 kg end-arm payioad)
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ULTRASONIC MOTORS- BACKGROUND

Operation principle: Traveling plate/surface waves cause surface particles to
- move In a circular motion. This motion is used to propel the rotor.

—— . . L v r~ v R < . , L v )
& Y ey AR e ey AD FACTT U AT AA/ATITMIT . ATAS TMIITMIITIA AT anamyyonto
A VI SR VRS U LIS RV LSRN VSRR LV VL RS SSEE S AL R G AR SRR S SRR AUALS SR L SR T <A ULOLRE R WIS LI\ N
Y“;pr ‘:/—\(\Jra;n v e 1 oA ot o rroa e At a A yyraw s ~
<X o . Voro P » . H v v . .. - . . n b ’ —
‘ i ;véoe;fauu;b CLLD\JD, lov. dditiUL, Gk IO LU &/?\Ci-.v LL;C wavie.

+ Maximum performance is obtained at the resonance frequency.
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e Ultrasonic motors are emerging new technelogy in consumer products

(camera, efc.).

. No space qualified -ultrasonic motor.




ADVANTAGES OF ULTRASONIC MOTORS

Ultrasonic motors offer superior alternative to conventional

"ntnrg

1 ‘I\“‘vm

e Without oba;, average of 1Utimesni

igner torque density

e Simnier construction
e Not affected by magnetic field or radiation
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. Low speed operatlon allowing direct drive
. Motor IS compact with a -pancake shape and easy to miniaturize

e Can be desiged annular for electronic packaging
. Lower cost




Comparison of existing electromagnetic (EM)
and ultrasonic (US) motors
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Piezoelectric Motor - Stator Model

a. Stationary




A Collection of Piezoelectric Motors and Components at JPL
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JPL’S ADVANCED ACTUATORS LABORATORY




A Piezoelectric Motor Connected to a Torque Gauge in the JPL
Test Chamber (Cryogenic Temperatures and Vacuum
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